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5 METHODS AND COMPOSmONS FOR DISEASES 

ASSOCIATED WITH AMYLOIDOSIS 



FIELD OF THE INVENTION 

10 

The present invention generally relates to the detection, treatment of 
prevention of disease states. Specifically, the present invention relates to the 
detection, treatment or prevention of amyloidosis or amyloid-associated 
diseases. 

15 

BACKGROUND OF THE INVENTION 

Amyloidosis includes a variety of diseases characterized by an 
accmnulation of amyloid material in the organs or tissues of the body. This 

20 accumulation can impair vital functions. Diseases associated with 
amyloidosis include Alzheimer's disease (AD), Down's Syndrome, 
progressive sipranuclear palsy, multiple sclerosis, and Adult Onset Diabetes, 
Localized amyloidosis is associated with cognitive decline (senile cerebral 
amjioidosis; Alzheimer's), heart disease (senile cardiac amyloidosis), 

25 endocrine tumors (thyroid cancer), and Adult Onset Diabetes, diseases which 
are found in millions of Americans. 

A number of impairments specific to amyloid deposits in the brain are 
linked with the deposition of the peptide, Ap peptide (amyloid-p peptide). 
Neurological diseases associated with Ap peptide deposition include 

30 Alzheimer's, Lewy body dementia, Down's Syndrome, hereditary cerebral 
hemoixhage with amyloidosis (Dutch type), and the Guamanian 
Paikinsonism-Dementia. AP peptide plaques also occur in persons who have 
e3Cperienced head trauma and critical coronary disease. 

The most common disease related to cognitive decline or dementia is 

35 Alzheimer's Disease (AD). This condition is characterized by neuronal loss, 
neurofibrillary tangles, and neuritic plaques comprised of Ap peptide. Due to 
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5 the oature of cerebral amyloidosis, diagnosis of Alzheimei's before death is 
difficult and the development of therapies or other treatments for Alzheimer's 
have been elusive. Many proposed therapies are unable to cross the 'blood- 
brain barrier in amounts necessary for effective treatment 

It is currently believed that amyloid plaques in the brain are 

10 predominantly composed of AP pq>tide, a 4 kD protein, 39-43 amino acids 
long. Ap peptide is e?q)ressed by a gene located on chromosome 21 and is 
derived by proteolytic cleavage fiom the interior of a much larger (770 
residue) cell protein, amyloid precursor protein (APP). After excision, AP 
peptide is polymerized into amyloid filaments, which in turn aggregate into 

1 5 amyloid plaque deposits. In the brain, these filaments and aggregates are toxic 
to neurons and are thought to relate to the causative symptoms associated with 
AD. 

The inability to examine am}doid deposition of AD in patients before 
death impedes the ability of researchers to study AD and develop effective 

20 therapies targeted at preventing or reversing amyloid plaque formation on the 
brain. Damage to CNS neurons due to AD begins years before clinical 
syii^toins are evident Prevention of amyloidosis in the brain would prevent 
the development of AD. A similar approach to preventing or treating amyUn 
plaque formation in Adult Onset Diabetes patients would also be beneficial. 

25 Other investigations have identified a set of mutations that cause 

familial Alzheuner's disease (FAD), in an autosomal dominant manner. All 
known FAD. mutations increase either the absolute or relative production of 
the most pathogenic Ap peptide with 42 amino acids. Tliese mutations arise 
either in the APP gene itself, affectibg the target sites in tiie APP where 

30 proteolytic cleavage occurs, or in one of two presenilin genes, the protein 
products which directly or, more probably, indirectly affect APP processing. 
Hie early step of AD excision is followed by the polymerisation of the peptide 
to amyloid filamrats, which in turn aggregate into the visible amyloid plaque 
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5 dqwsits tbat characterize the brains of individuals with AD. These filaments, 
or possibly intermediate protofilamants, are toxic to neurons and are thought 
to lead to neurofibrillary tangles, synapse loss, and neuiodegeneration that 
underlie file decline of cognitive functions in Alzheimer's patiaits. 

In addition to fiie production of the Ap peptide (amyloid-P peptide), 

10 other impoitant steps are involved in the pathogeiic pathway leading to AD, 
Genetic and biochemical studies both assign a key role to a set of auxiliary 
proteins tiiat function as "pathological chaperones". One such protein is the 
anti-protease, anti-chyrmotiypsin, and another is the lipid transport protein, 
apolipoprotein F, particularly its E4 allelic form. Both of fiiese proteins 

15 promote fiie fonnafion and maturation of Alzheim^'s plaques with their core 
of Ap filaments. Specifically, the patiiological ch^erones can be 
demonstrated in vitro to accelerate the polymerisation of AP into neurotoxic 
amyloid filaments, and experiments witii transgenic mice support their role in 
promoting amyloid formation in vivo. Both proteins are minor components of 

20 the amyloid deposits, and are evidently produced as part of an inflammation 
reaction that arises in response to the initial diffuse deposition of Ap peptide. 

What is needed are metiiods and compositions for diagnosis and 
treatment of amyloid-associated diseases, 

25 SUMMARY OF THE INVENTION 

The present invention is directed to conqjositions and methods for 
diagnosis, prevention and treatment of disease states associated with 
amyloidosis. Jn accordance with the present mvention, compositions and 
30 mefliods are provided that are effective in detecting and treating amyloid 
deposition, especially amyloid deposition related to neurodegenerative 
diseases. In a preferred aspect, amyloid deposition is detected and treated by 
compositions comprising a fusion protein, comprised of a segment comprising 
an antibody or antibody fragment that binds to an amyloid peptide epitope and 
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5 a segment capable of crossing the blood-brain barrier, such as one or more 
transferrin moieties. Preferably^ the fusion protein composition has amyloid 
plaque or tangle dissolving properties and is capable of crossing the blood- 
brain barrier. 

Specifically, flie present invention provides for the construction and 

10 use of a fusion protein that can detect and treat ^-am^oid depositioa A 
preferred fusion protein is comprised of an anti-beta-amyloid monoclonal 
antibody bindmg region and one or more transferrin moieties. The present 
invention comprises molecular constructs such as nucleic acid vectors, 
proteins expressed by such vectors and cells transformed with such vectors 

15 and that express tiie proteins coded for by such vectors. 

The present invention also comprises methods and conqwsitions 
conoprising a vaccine that elicits an immune response against amyloid 
proteins, peptides or fragments, and prevents, stops or hinders amyloid 
') depositlozL The vaccine is comprised of an antigen, an amyloid peptide 

20 fragment or epitope that is preferably provided in a liposomal bilayer. In an 
embodiment of the present invention, an antigen is comprised of a modified 
amyloid peptide, preferably palmitoylated ^amyloid^^ peptide, and methods 
of administration in a liposomal bilayer. 

The invention also provides a method and compositions for preventing 

25 or alleviating the symptoms of disease states associated with accumulation or 
molecular organization of amyloid protein or amyloid plaques in general, 
including the administration of a phaimaceutically effective amount of a 
derivaterized amyloid pq}tide or peptide fragment to a patient. 

The present invention includes a pharmaceutical composition in an 

30 amount effective to prevent, stop or impede one or more syn^toms of a 
disease state involving abnormal accumulation or molecular organization of 
amyloid protein, assemblies, fibrils, filaments, tangles, or plaque deposits. 
Hie present invention includes an antigen to stimulate production of anti- 
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5 amyloid monoclonal antibody with the ability to dissolve amyloid plaques. 
The present invention also provides a method for treating a disease state 
associated with antyloidosis, including the administration of a 
phannaceutically effective amount of the vaccine to a patient 

The presQit invention also con^)rises methods for Tnalring 

10 con^jositions cong)rising antisera raised to tiie epitope of the vaccine 
compositions of the present invention. These antisera con^wsitions are 
capable of dissolving am)doid aggregates comprising the q)itope or antigen 
(e.g. ^-amyloic^. The antisera conqjositions are effective in the treatment or 
prevention of the accumulation amyloid protein or the formation of amyloid 

15 assemblies, fibrils, .filaments, tangles, or plaque deposits and, tiierefore, 
disease states associated witii amyloidosis* 

The invention fiuther co^^)rises methods and con^wsitions for 
preventing or alleviating the symptoms of disease states associated with 
accumulation or molecular organization of an^loid protein or amyloid 

20 plaques includmg the administration of a phannaceutically effective amount 
of antisera to a patient 

The present invention is particularly useful in the treatment of 
amylodi-associated diseases, preferably, P-amyloid-associated diseases, 
including Alzheimer's Disease, Lewy body dementia, Down's Syndrome, 

25 hereditary cerebral hemorrhage with amyloidosis putch type), and the Guam 
Padanson-Dementia congjlex or other diseases involving abnomial 
accumulation or molecular oiganization of amyloid protein, assemblies, 
fibrils, filaments, tangles, or plaque deposits. 

This and other objects, features, and advantages of the present 

30 invention will become apparent after a review of the following detailed 
description of the disclosed embodiments and the appended claims. 
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5 BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 Sequence of VI chain of 6C6 wifli sequence sites. 
FIG. 2(a)is a map of vector pET24d+. 

10 

FIG. 2(b) is a linear map of vector pET24d+ 

FIG. 3 is a map of vector pET36. 

15 FIG- 4(a) shows the map of the pBhieBacHIS2 B vector containing the Vl 
fragment 

FIG. 4(b) shows the map of the pBlueBacHIS2 B vector containing the 
transfenin fragment. 

20 

FIG. 5 is the JJ-amyloid 1-16 (ABt.jg) peptide anchored to the liposomal 
bilayer by paknitoylated lysines bound to both ends of the Ap 1-16 peptide. 

FIG. 6(a) Synthetic Pathway of dipalmitoyllysine using direct pahnitoylation 
25 described in Exairq>les 2 and 3. 

FIG. 6(b) Synthetic Pathway of dipahnitoyllysine using activated esthers 
described in Examples 2 and 3. 

30 FIG. 6(c) Solid Phase Synthetic Pathway of the C-Tenninus Described in 
Examples. 
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5 FIG. 7 is a FAB-mass spectnim of the palmitoylester of N- 

hydroxysuccmimide. Hie expected peak at 623 Da (MH+) and absence of flie 
peak for the activated ester (354 Da) are visible. 

FIG.8 is a *H NMR spectrum of the pahnitoylester of N-hydroxysuccinimide. 
10 Hie expected signals are visible. 

FIG. 9 depicts the disaggregation of B-amyloid fibers by the 6C6 = mAB and 
by sera from mice immunized with pahnitoylated AB (1-1 6) reconstitated in 
liposomes. 

15 

DETAILED DESCRffTION 

The present invention is directed to conqrasitions and methods for 
diagnosis, treatment and prevention of diseases associated with amyloid. 

20 deposition. Preferred conq)ositions of the present invention inchzde 
compositions comprising fusion proteins capable of afFecting amyloid 
deposits that can cross the blood-brain banier, and compositions tiiat are 
effective in raising an immune response to epitopes of amyloid dqrasits. 
Prefened methods of the present invention comprise use of the coni^jositions 

25 for diagnosis, treatment and prevention of diseases associated with amyloid 
d^)osition, and for making and using modified amyloid peptides and 
molecular constructs of amyloid genes. ' 

An example of one of the diseases associated wift amyloid deposition 
is Alzheimer's Disease, AD. By definition, AD is diagnosed through the 

30 examination of brain tissue, usually at autopsy. The currently recommended 
"minimum microscopic criteria" for AD diagnosis is based on (he number of 
neuritic plaques found in the brain. The amyloid cores of these neuritic 
plaques are composed of B-amyloid protein, also referred to herein as 
amjioid- B peptide, that is arranged in a predominately beta-pleated sheet 
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5 configuration. Biain amyloid plaques are demonstrated by staining brain 
sections with thioflavin S or Congo red. Congo red-stained amyloid is 
characterized by a dichroic appearance, exhibiting a yellow-green polarization 
color. The dichroic binding is the result of the beta-pleated sheet structure of 
the amyloid proteins. . 
10 It is very difficult to diagnose Alzheimer's disease before death, to 

develop drug therapies, or to treat AD. Screening for apolipoprotem E 
genotype has been suggested as an aid in the diagnosis of AD. DifQculties 
arise with this technology, however, because the apolipoprotem £4 allele is 
only a risk factor for AD, not a disease maricer. It is absent in many AD 
15 patients and present in many non-demented elderly people. Immunoassay 
methods have be^ developed for detecting the presence of neurochemical 
markers in AD patients and to detect an AD-related amyloid protein in 
cerebral spinal fluid. These methods for diagnosing AD have not been proven 
to detect AD in all patients, particularly at early stages of the disease. They 
20 are also relatively invasive, requiring a spinal t^. Recentiy, radiolabeled Ap 
p^tide has been used to label diffuse, compact and neuritic type plaques in 
sections of AD brain. Ihese pq)tides, however, do not normally cross the 
blood-brain barrier in amounts necessary for imaging. 

Congo red may be used for diagnosing amyloidosis in vivo in non- 
25 brain parenchymal tissues. But Congo red is probably not suitable for in vivo 
diagnosis of B-amyloid deposits in brain because only very small amounts, 
approximately 0.03% of an injected dose of iodinated Congo red, can enter the 
brain parenchyma. Radioiodinated bisdiazobenzidine con^unds related to 
Congo red, such as Benzo Orange R and Direct Blue 4, have been proposed to 
30 be useful in vitro and in vivo to detect the presence and location of amyloid 
d^sits in an organ of a patient However, like Congo red, all of the 
compounds contain strongly acidic sulfonic acid groups which severely hmit 
entry of these compounds into the braiiL 
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5 Atteiiq)ts have also been made to develop monocloBal antibodies as 

probes for im a ging of amyloid plaques. For instance, antibodies raised 
against the N-tenninal region (1-28) of ll-amyloid bind to in vffro-foimed P- 
amylold assemblies, leading to disaggregation of fibrfls and partial restoration 
of ft-amyloid solubility. Some of the monoclonal antibodies raised against 

10 sohible B-amyloid (1-28) have also been found to inhiT)it fibrillar aggregation 
of P-amyloid peptide in vitro. The success of these attempts, howev», has 
been limited due to the difficulty of getting these large molecules across the 
blood-brain barrier. Until the present invention, diagnosis, treatment and 
prevention, of amyloid associated diseases has had little success. 

15 The present invention con^rises methods aiKl compositions for 

diagnosing and treating diseases and processes mediated by the formation of 
abnormal amyloid deposition, such as amyloid plaques. One aspect of the 
invention comprises methods of administration of compositions comprising a 
fusion protein in a dosage sufficiait to detect, and prefaably dissolve, 

20 amyloid plaques. Another aspect comprising me&ods of making and using 
conqiositions comprising vaccine or antisera cor3:q)ositions. The present 
invention is usefid ia detectmg and treating neurodegenerative diseases, such 
as Alzheimer's Disease. It is also useful in detecting and treating amyloid 
plaques in Lewy body dementia, DoWs syndrome, hereditary cerebral 

25 hemorrhage with amyloidosis (Dutch type) and in. the Guam Parkinson- 
Dementia conq>lex and other amyloid-associated diseases. 

An aspect of the invention con^jrises the construction and 
administration of fusion proteins comprised of 1) at least one segment of a 
binding region which binds to an epitope or fragment, preferably an epitope 

30 such as one located in B-amyloid and 2) one or more segments comprismg 
portions, fiagments or whole proteins that are cq)able of crossing the blood 
brain barrier, such as one or more transferrin moieties. Hie segment 
comprising the binding region can be any binding partner that is capable of 
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5 attaching, binding or associating with an amyloid-associated moiety. For 
example, the variable region of an antibody, including the light or heavy chain 
or both, can be fte binding region that is capable of binding an epitope found 
on an amyloid protein. In a particular aspect of the invention, the variable 
region of the light^hain of the 6C6 anti-P-amyloid mAb was sequraced and 

1 0 cloned with human transfoiin to produce a molecular construct that expressed 
fusion proteins: Vt-Transfenin and Vf (TransfeiTin)2. The fiision proteins 
retained the property of the antibody 6C6 to solubilize B-amyloid fibers and 
tangles. The addition of the transf^iin moieties allows the iiision protein to 
cross &e blood-brain barrier. 

15 The present invention also comprises genes which code for these 

fusion proteins, expression vectors which contain these genes, 
microorganisms and cells transformed with these expression vectors as well as 
a process for the preparation of the genes, protems, expression vectors and 
transformed ceUs and microorganisms. 

20 The present invention further comprises other methods and 

compositions for preventing or treating diseases and processes associated with 
amyloidosis. A further aspect of the mvendon conq^rises the administration of 
compositions coniprising a vaccine in a dosage sufficient to elicit an immune 
response against amyloid epitopes, such as proteins or peptides, particularly 

25 those found in plaques, tangles or other depositions. It also comprises the 
administration of compositions con:^)rising antis^a raised against amyloid 
epitopes or inrunungenic regions in a dosage sufficient to combat amyloidosis. 
This invention is particularly useful for diagnosing, preventing and treating 
neurodegenerative diseases associated with amyloid deposition, also referred 

30 to as amylodi*associated diseases, such as Alzheimer's, and other conditions 
associated with localized amyloidosis, such as Adult Onset Diabetes. 

The present invention is also directed to methods of inhibiting 
production of Alzheimer-type amyloidosis in a mammal comprising 
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5 administermg a phannacciitically effective amount of a modified amyloid 
peptide capable of eliciting an immune response wherein the immune 
response prevents, hinders, or decreases the amount of amyloid deposition. 
The alleviation of syn^toms related to amyloidosis followed by 
administration of derivaterized amyloid pq}tides, such as those described 

10 herein, results from stimulation of appropriate inunune req>onses such that 
accumulation or foimation of the amyloid aggregates is significantly altered, 
slowed or prevCTted. 

Amyloid-associated conditions or diseases include, but are not limited 
to. Type 2 diabetes mellitus, amyloid A (reactive), secondary amyloidosis, 

15 familial meditraanean fevCT, familial amyloid nephropathy with urticaria and 
deafiiess (Muckle-wells Syndrome), amyloid lambda- L-chain or an^loid 
kappa L-chain (idiopathic, myeloma or macroglobulin^a-associated) A beta 
2M (chronic hemodialysis), ATTR (familial amyloid polyneuropa&y 
(Portuguese, Japanese,. Swedish), familial amyloid cardiomyopafey (Danish), 

20 isolated cardiac amyloid, (systemic senile amyloidosises), AIAPP or amylin 
insulinoma, atrial naturetic factor (isolated atrial amyloid), procalcitonin 
(medullary carcinoma of the fliyioid), gelsolin (familial amyloidosis 
(Finnish)), cystatin C (hereditary cerebral hemonhage with amyloidosis 
(Icelandic)), AApo-A-I (fanuTial amyloidotic polyneuropathy - Iowa), AApo- 

25 A-n (accelerated senescence in mice), fibrinogen-associated amyloid; and 
AsoT or Ft P-27 (scrapie, Creutzfeld Jacob disease, Gotsmann-Straussler- 
Schemker syndrome, bovine spon^fonn encephalitis) or in cases of persons 
who are homozygous for the apohpoprotein E4 aUele. 

30 Fusion Proteins 

One aspect of the present invention conqsrises methods and 
compositions comprising molecular constructs and due resulting expressed 
proteins or cells transformed by such constracts. Ctonopositions comprising 
molecular constructs or the e>^ression of such molecular constructs result in 
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10 



15 



20 



25 



con^ositions of fusion proteins of the present invention comprising fusion 
proteins having at least one segment that hinds to a portion of amyloid, such 
as a peptide, protein, tangle or plaque; and at least one segment that is capable 
of crossmg the blood-brain barrier, bi particular, it is preferred that the 
segment that binds to amyloid is a binding region of an antibody or antibody 
fragment that binds to an epitope of amyloid, preferably an amyloid peptide or 
proteins. More particularly, it is preferred that the binding of flie fusion 
protein to the epitope cause tiie dissolution of amyloid deposits, prevent 
deposition of amyloid or detect the presence of amyloid deposits. 

Incorporation of genes or other nucleic acid segments, such as coding 
regions, into expression vectors can be effected using methods known to the 
skilled artisaxL In this context, reference can be made to the textbooks of 
Mardatis et al. {Molecular Qoning, Cold Spring Harbor Laboratory, 1982) 
and Sambrook et al. {Molecular Qoning-A Laboratory Manual^ 2nd. ed, Cold 
Spring Harbor Laboratory, 1989), the contents of both bemg herein 
incorporated by reference. 

Methods for the expression of molecular constructs of fusion proteins 
in accordance with the invention are also known to the skilled artisan,.and are 
described in detail in the aforementioned textbooks. Hie methods generally 
conq}rise the following steps; 

a) transformation of a suitable host organism with an 



expression vector in which a g^e or coding region is 
operatively bonded to an expression control sequence; 



b) 



cultivation of &e host organism under suitable growth 
conditions; and 



c) 



extraction and isolation of the desired fiision protein from the 
host orgam'sm. Host orgam'sms include, but are not limited 
to, gram-negative and gram-f ositive bacteria, for example 
coli and B, subtilis strains, yeast, insect ceQs, human and 



other animal cells. 
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5 A i^eferred method for producing compositions comprising fusion 

proteins using recombinant DNA techniques involves (1) sequencing the 
binding region segment of the fusion protein, for exan5)le, the variable region 
of a light chain of an antibody, (2) generating a synthetic gene for the 
expression of the variable region, (3) ligating the synthetic gene mto a vector, 

10 such as the C-terminally HiSfi-tagged pet24d+ vector or pet36b+ vector 
bearing a C-terminal ceMose binding domain (CBD), (4) expressing this 
construct in E. coli, (5) fractioning the bactaial lysates, (6) purifying the 
appropriate fractions using Ni-loaded columns, (7) conducting a Western blot 
of the purified fraction to reveal the desired protem band; (8) amplifying the 

15 cDNA of the variable region of the antibody and the cDNA of human 
transferrin by PGR techniques, (9) inserting the cDNA of the variable region 
and the cDNA of human transferrin into a baculovirus vector, such as 
pBIueBacHIS2 B, (10) cloning the VL-transfeirin and VL-(transferrin)2 
hybrids, (11) verifying the maintenance of the correct coding sequence by 

20 sequoicing the inserts, (12) analyzing crude extracts of insect cell cultures to 
verify that they are positive for VL-transforin by SDS-PAGE, (13) performmg 
Western blot analysis with an anti-Hisg to confirm these results, (14) purifying 
the constructs, (15) labeling the constructs with "V (15) administering the 
constructs in an qjpropriate dosage with a suitable carrier, (16) performing 

25 external gamma-camera and radioactivity counting studies of the brain 
parenchyma and vasculature to quantify tiie constructs* capacity to cross the 
blood-brain barrier and to detemune the presence of amyloid plaques. 

The fusion protein conqwsitions described herein have therapeutic 
utility, particularly in treatment of amyloid-associated diseases. Methods of 

30 treatment con^mse administration of an effective amount of a composition 
conpising a fusion protein. Tlie subject is then monitored for changes in 
amyloid plaques or cessation of synqjtoms. The methods of administration 
comprise one-time administration, sequential administrations or long-term 
bolus or continuous infusion administrations. 
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5 The fusion protein compositions are preferably administered to lite 

mammal in a carrier* Suitable carrieis and their formulations are described in 
Remington's Pharmaceutical Sciences, 16ih ed., 1980, Mack Publishing Co., 
edited by Oslo et aL Typically^ an appropriate amount of a phannaceutically- 
acceptable salt is used m the fomiulation to render the formulation isotonic. 

10 Examples of a phannaceutically-acc^table carrier include salme, Riiiger's 
solution and dextrose solution. Hie pH of the solution is preferably from 
about 5 to about 8, and more preferably from about 7 to about 15. Further 
carriers include sustained release preparations such as semipermeable matrices 
of solid hydrophobic polymers containing the fusion protein, v/bich matrices 

15 are in the form of shaped articles, e.g., films, liposomes or microparticles. It 
wiU be apparent to those persoiis skilled in the art that certain carriers may be 
more preferable depending upon, for instance, the route of administration and 
concentration of protein being administered. 

Hie fusion protein compositions can be administered to the subject, 

20 preferably an animal, mammal or human, by injection (e.g., intravenous, 
intraperitoneal, subcutaneous, intramuscular), or by other methods such as 
infusion that ensure its delivery to the bloodstream in an effective form. The 
compodtions may also be administered by intratumoral, peritumoral, 
intralesional, or perilesional routes, to exert local as well as systemic 

25 therapeutic effects. Local or intravenous injection is preferred. 

Effective dosages and schedules for administering the fusion protein 
compositions may be determined enq)irically, and noaking such 
detemunations is within the skill in the art Those skilled m the art will 
understand that the dosage of protein that must be administered will vary 

30 depending on, for example, the subject which will receive the composition, 
the route of administration, the particular type of fusion protein in the 
composition and oth^ drugs being administered to the subject. A typical 
daily dosage of the furion protein in (he compositions of the present invention 
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5 range from about 1 jig/kg to iq> to 100 mg/kg of body weight ormore per day, 
depending on the Actors mentioned above. 

Hie fusion protein compositions may also be administered to the 
subject in combination with effective amounts of one or more other 
di^peutic agentSL It may be administered sequentially or concurrently with 

10 die one or more other therapeutic agents. The amoimts of fusion protein 
compositions and &erapeutic agents depend, for example, on what type of 
Qierapeutic agents are used, the condition being treated, and the scheduling 
and routes of administration. FoDowing administration of such individual 
con^sitions or mixtures of compositions to the subject, the animal's 

15 physiological condition can be monitored in various ways well known to the 
skilled practitioner. 

Fusion protein compositions may further be used in diagnostic assays 
for delecting specific antigens or as a nucleic acid probe for , e.g., detecting 
the presence or expression in specific cells, tissues, or serum, in vitro or in 

20 vivo. Various in vitro diagnostic assay techniques known m the art may be 
used, such as con^etitive binding assays, direct or indirect sandwich assays 
and immunoprecipitation assays conducted in either heterogeneous or 
homogeneous phases. See Zola, Monoclonal Antibodies: A Manual of 
Technicrues, CRC Press, Inc. (1987) pp. 147-158, 

25 The molecular constmcts or e}q)ressed proteins used m the present 

invention can be labeled with a detectable moiety. Hie.detectable moiety 
preferably is capable of producing, either directly or indirectly, a delectable 
signal For example, the detectable moiety may be a radioisotope, such as 
"c. ^. «s. or a fluorescent or chemilumlnescent confound, such as 

30 fluorescein isothiocyanate, rhodamine, or luciferin, or an enzyme, such as 
alkaline phosphatase, beta-galactosidase or horseradish peroxidase. Any 
method known in the art for conjugating the antibody to flie detectable moiety 
maybeenq>loyed. 
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5 In a further Knbodiineiit of the invention, there are provided articles of 

manufacture and kits containing compositions comprising fusion proteins that 
can be used, for instance, for therapeutic methods or other applications 
described above. The article of manufacture comprises a container with a 
label Suitable containers include, for example, plates, slides, bottles, vials, 

10 and test tubes. The containers may be formed from a variety of materials such 
as glass or plastic. The container holds a con^>osition which includes an 
active agent that is effective for therapeutic or non-therapeutic applications, 
such as described above. The active agent in the composition can comprise 
the molecular construct or fusion proteia The label on the contains indicates 

15 • tiiat the composition is used for a specific therapy other application, and may 
also indicate directions for either in vivo or in vitro use, such as those 
described above. 

The kit of flie invention will typically cong)rise the container described 
above and one or more other contain^s comprising materials desirable from a 
20 commercial and user standpoint, mcluding buffers, diluents, filters, needles, 
syringes, and package inserts witii mstructions for use. 



Vaccine Methods and Compositions 



25 Additional methods and compositions of the present invention 

comprise compositions comprising at least one modified peptide, fragment or 
protein, preferably delivered in liposomal bilayers such as liposomes, that are 
used in metiiods to elicit an immune response. Preferably, these inmiune 
responses are able to overcome immune tolerance to "self' proteins. It is 

30 desirable to elicit such immune responses against am}doid pq)tides in order to 
treat or prevent amyloidosis. The products of the unmune response are used 
to effect amyloid deposts, preferably m solubilizing amyloid aggregates. Tlie 
products of tiie unmune response, including but not limited to, antibodies, 
anitsera, stimulated cells and cellular frictors, and antigens of modified 
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5 amyloid nature, peptides, fragments or proteins, conipiise con^ositioiis of the 
present invention. 

A prefeired embodiment of the present invention comprises 
compositions of and methods of using a modified peptide, preferably, Api.ig, 
to elicit an immune response. The immune response products or the immune 

10 response in vivo are used to dissolve or partially dissolve amyloid deposits. It 
is desirable to elicit an immune response against B-amyloid 1- 16 (AP].](). A 
monoclonal antibody, 6C6, developed against the same epitope, the p-amyloid 
1-16 peptide, is capable of solubilizing &-amyIoid fibers and tangles in vitro. 
This particular embodnnent relates specifically to Alzheimer's disease and 

15 conditions associated with B-amyloid aggregates, but fliis invention 
encompasses derivaterized amyloid peptides and dieir use to elicit immune 
responses capable of preventing or inq)eding conditions associated with 
amyloidosis in general and amyloid-associated diseases. 

Preferred compositions comprise peptides that are modified by 

20 covalent binding of moieties, such as iipophillic moieties, such moieties are 
capable of presenting the peptide on the ^erior of the delivery agent, such as 
anchoring the peptide in the lipid wall of a liposome. Preferred methods 
comprise administration into subjects, such as humans, mammals or other 
animals, for example, by injection. 

25 Con^ositions comprising liposomes with modified peptides are used 

in methods of vaccination and compositions conq)rising antisem resulting 
from an immune response to an antigen described herein have &erapeutic 
utiUty in treatment of amyloid-associated diseases, preferably AD, The 
compositions are preferably administered to the subject having an amyloid- 

30 associated disease. It wiD be ^parent to those persons skilled in die art that 
carriers may be used, depending upon, for instance, the route of administration 
and concentratioD of vaccine or antisera compositions being administered. 
The vaccine or antisera compositions can be administered to the subject by 
injection (e.g., intravenous, intraperitoneal, subcutaneous, intramuscular), or 
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5 by other mefliods such as infusion to ensure delivery to the bloodstream is in 
an efifectiye fona Additional routes of administration are included to exert 
local as well as systemic tiherapeutic effects. 

Effecdve dosages and administration methods for delivery of the 
compositions comprising vaccines or antisera may be determined empirically 

10 and such detemiinatioQS are within the skill of an artisan. Those skilled in die 
art will understand that the dosage required depends on the subject receiving 
the protein, the route of admixustration, the particular type of peptide antigen 
used and oth^ substances being administered, among other considerations. 
Hie vaccine or antisera conqx)5itiGns may also be administered to the 

15 subject animal in combination with effective amounts of one or more other 
therapeutic agents. They may be administered sequentially or concuirentiy 
with the one or more other th^peutic agents. The amoimts of vaccine or 
antisera compositions and therapeutic agent d^end on the type of therapeutic 
agents are used, the condition being treated, and the scheduling and routes of 

20 administration, among other considerations. Following administration of 
vaccine or antisera compositions to the subject animal, the animal's 
physiological condition is monitored in various ways well known to the 
skilled practitioner. 

This invention is further illustrated by the following examples, which 

25 are not to be construed in any way as imposing limitations i^on the scope 
thereof. Conversely, it is to be clearly understood diat resort may be had to 
various other embodiments, modifications, and equivalents thereof which, 
afl^ reading the description herein, may suggest themselves to those skiUed in 
the art without departing from the spirit of die present invention and/or the 

30 scope of the appended claims. 



wo 02/21141 



PCTAJS0in7632 



19 

5 EXAMPLES 

EXAMPLE 1; Protein sequence analysis of the 6C6 antibody light chain (Vij 

Hie monoclonal antibody 6C6 (Athena Neurosciences, San Fiancisco, 
10 CA) recognizes an q>itope located in the 1-16 region of P-amyloid and is 
capable of sohMizing P-amyloid fibeis and tang|les in vitro. See Tanmoka et 
al. 1992, Proc. Natl Acad. Sd, USA, 89, 1345-9. 

Light and heavy chains of 6C6 were separated under reducing 
conditions in an agarose gel An in-gel Lys-Odigestioa with Trypsin was 
15 performed on the Kappa light chain using Img Lys-C ovemigiht Fractions 
were separated by revise phase chromatography (HP-C90-1-IPLC 1 nmi x 
12i cm, DAD-detector). The mass of collected fractions was detcnnined by 
naass spectrometry (MALDI-TOF). N-terminal sequencing was performed 
using a PE-Biosystems-sequencer (Precise ABI 492, Langen, Gemany). 
20 Other fragments were obtained by in-gel digests with ttie endoprotease V-9 
cleaving C-terminal of Glu, Peptides were sequmiced starting at the N- 
terminus. The sequence of the Vl chain is given in FIG, 1 and SBQ ID N0:1 
andSEQIDNO:! 

25 EXAMPLE 2: Gene synthesis and cloning of the V region of the light chain 
(Vl) 

The amino acid sequence of the fragment Vl. was converted into a 
nucleotide SBQ ID 1 and inserted into an appropriate vector system. The 
30 gene fragment was synthesized uang a PCR-based approach. The sequences 
of the sense and anti-sense strands were divided approximately into 25nt 
oligonucleotides at the 5'-end (extranal oligo) followed by four 50mers 
(internal oligo) in a gapless manner. Internal oligonucleotides were mixed 
and used as template in a PGR with the two external 5'-oligos as primers, m a 
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5 100-fold excess. PCR was perfoimed m 50^ volume using I unit of a proof- 
reading polymerase (Ultma, PeiMn-EImer) with 2mM MgCIz, buffers as 
sqjplied by the manufacturer and 25pmol of each external primer. The 
reaction started 2 nunutes after incubation at 99** C in a Sanyo thennocycler 
by addition of the polymerase going through 30 cycles at 95° C for 2 minutes, 

10 66° C for 2 minutes, and 72° C for 1 minute. Hie Vl gene sequence was 
verified by gel electrophoresis. 

The PCR product was cleaved by Neol and XhoL TTie insert was 
prepared by agarose gel electrophoresis and ligated into a prepared p£T24df 
vector or pBT36bf vector (Novagen), respectively. Initially the plasmid 

IS pET24d+ was used to insert the gene fragment (VJ next to a hexa-histidine 
tag in ord^ to detect and puriiy the fragment in subsequent experiments. 
Unfortunately, the anti-His-tag antibodies did not act sufficiently in the 
detection procedure showing high non-specific binding in Western blot 
analysis. Therefore, a second expression vector, pET36b+ containing a 

20 cellulose-binding domain (CBD) of a prokaryotic cellulasc and several short 
peptide tags was used in order to purify die proteiiL The CBD included a 
propeptide acting as signal for the translocation of the CBD to bacterial 
periplasm. The plasmid pBT24d+ containing Vl was named pETVL102; the 
plasmid pET36bf with the Vl msert was named pETVLll2. The maps of 

25 both vectors are given in FIG 2 and 3. 
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5 EXAMPLE 3: Expression in K Coli 

E Coli B21 (DE3)pLysS were transfonned with the plasnrid 
pETVL102 (pETVL112) and the empty vector pET24d+ (pET36lH-) as a 
control. Overnight cultures were used to inoculate 50 ml of LB-medimn 
containing 50fig/m] kanamycin and 30^g/Inl chloramphenical. Cultures were 

10 grown at 37° C for 2 hours and agitated at 200 ipm. Expression was induced 
by the addition of IPTG (final concentration QSxsM). 2ml san:q)les were 
taken after 2 hours and 4 hours and centiifuged (Smin, 1600 x g, 4"C). Hie 
pellets were washed with 1 ml of TrisHa buffer {25mlM, pH = 7.5) and 
dissolved in 200 pi of bt SDS geWoading buffer (RotiLoad 1, Carl Roth). 

15 The samples were sonicated, heated (5 minutes, 95** C) and analyzed on a 15% 
SDS-PAGE. 

In a subsequent st^, expression of the Vt-fragment in pETVLl 12 was 
repeated on a 2.5 L scale. The total soluble cell factions were subjected to 
immobilized nickel affinity chromatography (Ni-IMAQ in a FPLC system. 

20 A colunon of Qelatmg Sepharose FF (Pharmacia Biotech) charged with Ni2+ 
ions was equihTirated with Buffer A (25inM TrisHCl, O.lmM NaQ pH=7.5). 

A 3 ml sample was loaded, followed by washing with Buffer A 
containing 20mM imidazol-HeL Elution was accGnq)lished with Buffer A 
containing 500mM rmidazol'Ha and the factions were analyzed in a 

25 Western blot. 

The rest of the soluble cell extract of K Coli pETVLl 12 was treated as 
described above and fractions around tffS were pooled This pool was 
subjected to a second aflBnity chromatography using a cellulose matrix. The 
CBD binds to cellulose in flie presence of salt and is eluted either by pure 

30 water or by an organic solvent, e.g. ethylene glycol. The pool (20 ml) was 
forced through two columns (CBmD 900 Cartridges, Novagen). Then, the 
columns were washed with 10 ml wash buffer (20mM TrisHCl, 0.8M NaCl, 
pH=7.5) and 2 ml loadmg buffer (20mM TiisHa, pH=7.5). Each column 
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5 was eluted with I ml 100% ethylene glycol. Hie flow-through, the washing 
solution and the eluate, was analyzed in Q)oniassie blue-stained SDS*PAGE 
and Western blot 

In sonicated cell factions only the sohible Action showed the specific 
30kDa signal. It was concluded that the Vt-fragment might be very unstable 

10 even if fused to a stable moiety, and that it was not deposited as intracellular 
inclusion bodies, but processed correctly (unprocessed fusion protein has a 
calculated mass of about 34kDa) and translocated to the host's periplasnt For 
the verification of these results the expression of Vl in pETVL112 was 
repeated on a larger volume. The results were collected by affinity 

15 chromatography on a FPIXJ system. The absorption was monitored at 290 
mxL The inoidazol step gradient was used. The specific eMon peak was seen 
at approximately 120ml total elution volume. 

Eluate fractions were analyzed in a Western blot 7,5 ml of fraction 8, 
fraction 25, fraction 33, and fraction 58 of the pETVLU2 strain and the 

20 control (even-numbered lanes) were separated on a 12% SDS-PAGE, 
transferred to nitrocellulose, incubated with anti-CDB-antiserum, and assayed 
by protein A-peroxidase conjugate and cheraoluminescence. The specific 
signal was seen in lane 7. Other signals are ambiguous due to a second 
antiserum that was used to detect the molecular weight madcer (M). 

25 The Coomassie blue-stained SDS-PAGB showed no band at the 

expected position. This suggests a very small amount of die fusion protein is 
present after this first chromatogr^hic step relative to the total. 

The rest of lie soluble cell extract ofE. Coli pETVL112 was treated 
similarly and a collection of fractions was forced through columns. Eluate 

30 fractions were analyzed by Western blot The resulting eluate was ahnost 
without cross-reacting signals. On the Coomassie blue-stained gel a very faint 
signal at 30kDa was visible. See SEQ ID N0:3 and Figures 2(a) and (b). 
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5 EXAMPLE 4: Constroctioii of Vt-human tiansfeirin hybrids 

Various VL-transfeirin hybrids were ligated and cloned into the 
baculoYinis vector pBIueBacHIS2 B (4.9kb, lavitrogen) for expression in 
insect cells. The Vl fragment (pETVL102) and cDNA for human transferrin 

10 ^UC18/hTF, human full length transferrin, 2.3H) in pUC18 vector, 2.7 kb, 
obtained from R.TA. MacGillivray, Department of Biochemistry and 
Molecular Biology, Vancouver, Canada) were an^jlified by VCR, The 
introduction of stop codons and restriction sites at the end of the fragments 
were done using modified primers. 

15 The following fragments containing either the cDNA of Vl or the 

cDNA of human transferrin, stop codons, and appropriate restriction sites 
were successfully amplified: 

BarriHl-Yi^-Mol 

Afemtf-STOP-Jo/I 

20 Xhol-hTF'Bgm 

Bgm-hTFSWPSQll 
Cleavage of the an:q)lified DNA fragments by restriction enzymes allowed the 

ligation of the purified V^ and transfrain fragments m the following mamen 

1, BomHI-VL-Aftalx-ttoI-hTF-STOP^a/l 

25 2. j5amHI-VL-AfcoxA7roI-hTP-5^/nx5^/n-hTT-Sro^ 

Qeavage 1 yielded a fragment containing V^-TF which was ligated by the 

restriction site 1 and ended by a stop codon. 

In cleavage 2, Vt is connected with transferrin over Xho I followed by 

a second transferrin connected to the first oyct the restriction site Bgl II, The 

30 fragment ends wi& a stop codon. 

The V-region of the light chain with one transferrin moiety (Vl-TF) as 

weU as flie V-region with two transferrin molecules (Vl-(TF)2) were cloned 

into the mult5)le cloning site of the baculovirus vector pBlueBacHIS2 using 

the restriction sited BamH 1 and Sal L Insertion of these two selected 

35 recombinant clones wwe verified before sequence analysis. 
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5 Starting from pETVL102 the Vl was aiiq}li£ied by PCR using a DNA- 

• polymerase with 3 ->5* proofreading-activity. By using Vt-specific primers 
with S'-tenninal extensions, recognition sites for restriction raizymes (y-end: 
BamE 1, 3*-end: Sal 1) and a STOP-<»dMi following the last amino acid of the 
Vt-fragment were added to the PCR-product 
10 The purified Vl-PCR product and the vector pBlueBacHIS2 B were 

cleaved with the restriction enzymes BamH I and Sal I, The restricted vector 
was dephosphorylated usmg calf intestine phosphatase (CIP). The restriction 
products were identified by agarose gel elcctrophoxesis before the 
fragment was ligatcd with the CIP-treated pBlueBacHIS2 B vector. The T4 
15 DNA-Iigation and CIP treatment were performed as desoibed by the 
manufacturer (MBI Fennentas), See FIG. 4(a) and (b). 

EXAMPLE 5: Transformation, screening and DNA-sequencing of the 
subcloned with the baculovirus vector pBIueBacHIS2 B 

Competent E. Coli XL- 1 Blue MRF cells (Stratagene) were 
transformed by the ligation product pBlu6BacHIS2 B containing the 
fragment by applying routine procedures (Sambrook ct al., 1989. Molecular 
Qoning: A Laboratory Manual. Cold Spring Harbor Laboratory, New York). 
ARcr the transformation, sue of the resulting clones were tested for the 
presence of the Vl insert 

The analysis of the single colonies was done by a PCR-based 
technique using the same Vt^pedfic primers, \^ch were previously used for 
VL-amplification, Verification of the construct was done by restriction 
cleavage and sequencmg of the inserts. 

The Bania VSal I-restricted Vt-fragment was ligated wifli BamR VSal 
I, digested, and CIP-treated pBlueBac HIS2 B vector. 

After transformation, six of the resulting clones were tested for die 
presence of the Vt-Hnsert Analysis of single colonies shows that aU six 
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5 clones contained the Vt-insert Qone "Vl -r was selected for further 
analysis by DNA-sequencing, 

He maintenance of the correct coding sequence was verified by 
sequwidng the inserts pBlueBacfflS B-Vl, pBlueBacHIS B-VL-TF and 
pBlueBacHIS B-Vl-TF2. Tlie maps of the pBlueBacHIS2 B containing the 
10 Vrfragment and VL-transferrin are shown in FIG. 4 (a) and (b). 

EXAMPLE 6: Generation of the recombinant baculovirus and expression of 
the proteins V^ Vl-TF and Vl-{TF)2 

15 Expression of the fused proteins Vl-TF and Vl-(TT)2 as well as Vl was 

performed in E. coU, The proteins were analyzed in a Coomassie-stained geL 
Three selected plasmids, pBlueBacfflS2 BVL-2, pBlueBacraS2 BVL-Tf-4 
and pBlu^acIIIS2 B VlL-TF2-5, were verified by DNA sequencing before 
the in vivo recombination of transfer vector and virus DNA was performed 

20 (Ba N-BlueTM Linear DNA, Invitrogen). 

Sf?-cells were transfected by the plasmids pBlueBacHIS2 BVL-1, 
pBlueBacfflS2 BVL-TF-4 and pBlueBacfflS2 B Vl-TF2-5 as well as by 
acceptor-DNA (Bac-N-Blue TM-DNA, Invitrogen). The supematants were 
collected after 3 and 5 days and tested in dilutions of 1:10 to 1:10,000 on 

25 agarose/X-gal-overlay plates. . After 5 days of incubation, viruses were 
isolated from 8 plaques. 

Sf9-cells were infected with these viruses (four sang)les per plaque) 
and supwnatants were collected 4 days later (named Pl-lysates) in ordCT to 
isolate viral DNA. The DNA was characterized by PCR-technique. 

30 

EXAMPLE 7: Analysis of the fused proteins expressed by the baculovirus 
vector system 

For the generation of lysates with a higji titer of viruses, 3xl0' SO- 
35 cells were infected with the PI lysates of Yl, Vl-TF and yL-TF2 with a m.o.i 
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5 (multiplicity of infection) of approximately 0.1. After 3 days the sqpematants 
were collected and their titers determined by linoited dilutions. The proteins 
were isolated and characterized m a Cooraassie-stained 10% PAGE-gel. 

The PGR with Vl showed the expected fragments as well as Vl-TF in 
a Cooimassie-stained gel The amplification products of Vi/TPt (light chain 
10 with 2 transferrin moieties) seem to have lost one of the transferrin residues 
showmg a length of the product of Vl-TF or had lost an even longer fragment 
Because of the instability of Vl-TF2 , the virus DNA of four otiier clones was 
analyzed by PGR. Unfortunately, no Vl-TFj with the correct length was 
detected. 

15 A virus titer of 2xl0*pfu/ml (plaque foiming units) for Vl-1 (26 ml), 

1x10^ pfu/ml for Vl-TF4 (26 ml), and 1x10^ for Vl-TF2 (14 ml) was obtained 
from the three selected baculovirus clones Vu Vl-TF, and Vl.-TFi. From the 
Vl- and VL-IF-infected cells, proteins with the expected molecular weights of 
15kD arid 80kD could be extracted. The extract of Vl-TFi showed two 

20 proteins with the molecular weight of 80kD and about 105kD, both not the 
relevant protein of Vl fiised to two transferrin molecules. Western blot 
analysis of cmde extract of insect cells cultures containing Vl and Vl- 
transferrin performed with an anti-His^ confirmed these results. 

25 Examples: Invivo Adoiinistration 

High grade purification (>95%) of the constructs is performed. A 
sufiScient amount of Vt and VlTF is obtained, and (he constructs are labeled 
with ''^Itl External y-camera and radioactivity counting studies of the brain 
30 parenchyma and vasculature allows the quantitation of the constructs* capacity 
to cross the blood-brain barrier. 
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• 5 Ezample 9: Preparation of palmitoylated lysines for solid phase pq)tide 
synthesis 

The following methods w^e used to produce vaccine compositions. 
Palmitoylated lysines were appended to both ends of the Ap 1-16 p^tide to 
10 anchor the B-amyloid 1- 16 (A^us) peptide in the liposome bilay^. See FIG. 
5. 

Two strategic were adopted and two tetrapahnitoylpq)tides were 
synthesized by means of an ^plied Biosystems peptide synthesizer 1) flie 
N-tenninus has two palmitoyl residues, (i.e. (x,£-dq)ahnitoyllysine) while at 

15 the C-tenmnus two a-paknitoyllysmes were inserted sequentially; 2) four a- 
paknito^lysines are inserted, two at each end. For the automated solid phase 
synthesis of the peptide the first amino acid, a-pahm'toyllysme, was N- 
protected and anchored on the 4-alkoxybenzyl alcohol resin by means of an 
ester linkage. Fluorenylmethoxy-carbonyl (Fmoc) groi^ was preferred as the 

20 • a-amine protecting group for lysine and its derivatives. Methods for makmg 
such building blocks are known. See FIG 6 a and b. 

Example 10: Anchoring of FmocLys(PAL) on fiie Alkoxybenzyl alcohol 
Resm 

25 

FmocLys(Pal)OH (from BACHEM) was reacted with the 
alkoxybenzyl alcohol resin (from BACHEM) in the presence of 
dieyclohexylcarbodiiinide (DCC, Aldrich) and dimethyl-aminopyridine 
(DMAP, Aldrich) in dry, freshly distilled methylene chloride according to the 

30 procedure optimized by G. Lu et aL, J. Org. Chem., 46, 3433 (1981). After 
stming for three hours at room temperature^ the reaction mixture was filtered 
and washed thoroughly ten times with dry methylene chloride. To ensure 
complete reaction, the obtained resin was reacted once more with a fresh 
portion of FmocLys(Pal)OH, in the presence of DCC and DMAP in dry 

35 methylene chloride at room temperature overnight The next day, afier 
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S f3tration and washing with methylene chloride the resin was dried in vacuum. 
The FT-IR spectnim of the product shows the expected bands for the ester 
linkage at 1720 cm'*, for the MH group at 3327 cm** Bmd for the amide 
carbonyl group 1626 cm'*. All these bands are absent in the FT-IR spectrum 
■ of the starting alkoxybenzyl alcohol resia The final quantity was 227 mg 
10 with a loading of about Oimmol/g. See FIG 6(c). 

Example 11: Solid phase synthesis 

To the resin, the second pahnitoylated lysme was added by means of 
15 FmocLys(Pal)OH after deprotection (removal of the Fmoc groi^)). Then 16 
cycles of synthesis were perfonned for the ^-amyloid. For test purposes, a 
small quantity of this peptide was then cleaved from the resin and investigated 
by electrospray mass spectrometry (ES-MS). The crude mixture shows the 
presence of three peptides, the major component being the desired one having 
20 peaks at 896.9, 673,0 and 538.0 Da corresponding to the +3, +4 and +5, 
respectively charged molecular ions. The molecular ion is absent in the 
spectrum, but can be inferred from this series to be at 2687.86 Da. The other 
two components correspond to peptides having one or two pahnitoylated 
lysmes less (367 Da mass difference) with molecular ions inferred at 2321.43 
25 and 1953.87 Da. This indicates that flie coupling of (he FmocLys(Pal)OH was 
inconq>lete. 

a,e-dipahnitoyDysine was coupled to the rest of the uncleaved resin. 
Even prolonged coupling times (overnight at room ten^erature) left unreacted 
material (ninhydrin test) due to the low solubility in DMF of the 
30 dipahnitoylated lysine. After cleavage from the resin, the ES-MS shows that 
the desired tetrapahnitoylpeptide (M+ = 3292.43) is present only in about 20 
%. 

In a second run, to avoid the sluggish coupling with a,£- 
dipahnitoyllysine, after the 16 cycles which apprehended the B-amyloid 
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5 residues to (he first two pahnitoyllysiaes were coo^jleted, two sequential 
palmitoyllisines were inserted at the end, the coi^Iing being performed twice 
for each. The ES-MS spectrum after cleavage from the resm (with TFA) 
shows the desired peaks of the tetrapahnitoylpeptide as the M4+ at 855.4 Da 
and M5+ at 05.4 correspondmg to a molecular iou of 3421.65. TTiis peptide 

10 amounts to about 35 % or the mixture, die main component being a peptide 
having two Lys(Pal)-residues less (M+ at 2688.58 Da). A minor con^ment 
has an extra lysine missing (M+ at 2560.42 Da). 

The mixture or pq)tides was conqjosed of the desired 
tetrapaknitoylated pq>tide and peptides lacking pabmtoyl residues, thus 

15 makmg die double insertion into liposomes hnprobable. Therefore, we 
decided to use &e mixtures for liposome preparation. 



20 



Example 12: Preparation of a,c-d^almitoyllysine 



Direct palmitoylation or lysine with palmitoyl chloride in a Schotten- ^ j 

Bauraann reaction with aqueous sodium hydroxide, on a 20 g scale led to a 
material which contained appreciable amounts of palmitic acid and which 
could not be separated from the desired a,e dipahiiitoyllysine. An indirect 
method had to be adopted following the procedures of H. Kiwada, et al., 
25 ChenL Pharm, Bull, 35, 2935-39 (1987); Y. L^idat, et al., /. L^id Res., 9, 
142-44(1967). 

The palmitoylester of N-hydroxysuccinimide was synthesized first 
from palmidc acid (Fluka), N-hydroxysuccinimide (Aldrich) in die presence 
of Dec (Aldrich) in ethyl acetate in 77% yield.^ Tlis activated ester was 
30 subsequently reacted with the sodium salt of lysine in aqueous 
tetrahydrofiirane. The crude product obtained after filtration and washing 
with water still contained some unreacted activated ester as put into evidence 
by proton NMR and FAB (Fast Atom Bombaniment)-mass spectra. 
Recrystallization from chloroform provided a pure sample of 640 mg. Its 
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5 FAB-mass spectrum shows the expected peak at 623 Da (MH+) and abseace 
of the peak for the activated ester (354 Da). See FIG. 7 and FIG. 8. 

Exanxple 13: Reconstitution of fliepalmitoylated peptides in liposomes 

Liposomes with Lipid A were used as adjuvants in an attempt to break 
the mouse immune tolerance to Ap 1*16* They were prepared by mixing 
dimyristoyl-phosphatidylcholine, dimyristoylphosphatidyl-glycerol, and 
cholesterol (Avanti Polar Lipids, Alabaster, AI, USA) m the molar ratios 
0.9,0,1:0.7. Monophosphoryi i^id A, a strong immunomodulator, (lASL 
Biologicals, Can^beli, CA, USA) was added at a concentration of 40 mg per 
mmole of phospholipids. Tosi etal., Biochem. Mophys. Res, Com^ 212, 494- 
500 (1995). The palmitoylated peptides were added at a malar ratio to 
phospholipids of 1:100 and 1:200. Solvents were evaporated. The resultant 
film, after hydration with sterile phosphate buffer saline (PBS, pH 7.4) with a 
iinal phospholipid concentration 4 mM, was further homogenized by orbital 
shaking. The liposome suspension was mixed with sterile Alum 15 minutes 
before injection (9:1 voL^vol, Rehydrogel, HYA, Rebeis Inc, Berkley Heights, 
NJ). 

25 Example 14: Immunization of mice 

Bight BALB/c mice (Charles River Laboratories, Wilmington, MA, 
USA) were immunized by 6 i.p. innoculations at two week intervals with 200 
pL of the palmitoylated peptide-liposome/Alum suspension. One groq) of 3 
30 mice was immunized according to the same protocol with PBS/Ahun only. 
Another group of 3 mice were immunized according to this protocol, with 4 
mM phospholipids in PBS and Alum, without pahnitoylated Ap 1-16. Blood 
was collected from the tail vein 4 days after injection. The collected blood 
(10-30 fd) was diluted inunediately widi lOfil PBS and 5\i heparin. The 



10 
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5 sauries were centriftged, the serum was removed aad tested m an EUSA 
. assay. 

A second group of 19 transgraiic mice (NORBA, Hoechst Marion 
Roussel, BridgewatMT, NJ) of different ages, constitutively present P-aniyloid 
plaques on thetr pancreas. They were immunized using the same protocol 

10 described above. Before sacrificing, the immunized NORBA mice received a 
5* immunization. Blood was collected and assayed for anti-P-amyloid 
antibodies in an ELISA assay. 

Further, 12 B57131/6-mice were^immunized as described before. In 
this group liposomes and pahnitoylated p-amyloid (1-16), liposomes; mixed 

15 with scrambled P-amyloid (42-1) and liposomes were used for mjection. 
Ahim was added as before. As an additional control 3 mice were immunized 
witii Iqwsomes and pahnitoylated P-amyloid (1-16), but without Alum. Blood 
was collected and tested as described. 

20 Example 1 5: ELISA (En:^me-Linked Immunosorbent Assay) Experiments 

Microtiter plates were coated with 50 fil of ^amyloid 1-28 solution 
(ImgM) overnight at 40" C. Blocking of Ihe wells by 200 \il BSA/PBS 
(0.5% BSA) for two hours at 37* C followed before washing with 200 ^1 of 

25 PBS/0.005% Tween 20. 

Various dilutions of serum (1:100-1:100,000) were incubated for 2 
hours at 370 C. The plates were then washed twice with 200 fiL of 
PBS/0.005% Tween 20 before 50 pi of a goat-anti-mous&-antibody (alkaline 
phosphatase conjugated) in a 1-30,000 dilution was added, ASter 2 hours at 

30 3T C the wells were washed as described above. Then, 100 ]lI of the 
substrate (PNPP, paranitrophenyl phosphate, 1 tablet m 5 ml distilled water) 

^ was added and absorption was measured at 405 nm by an ELISA reader 30 - 
60 min later. 
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5 After the third injection ^tfa liposomes/pabnitoylated fl-amyloid (1- 

16)y ELISA assays showed a significant immuae response in &e vaccinated 
Balb/cmice. The antibodies were ^)ecific to the injected antigen. 1116 00405 
of 1:5000 - dilutions of the collected sera were 10 to 20 fold higher than those 
of controls which were dilutions of untreated mice. Thus, this inoanunization 

10 procedure elicited an immune response against Ap 1-16 in mice. No immune 
response was detected in the mice having received control immunizatioiis. 

The same immunization protocol was used for inoculation of NORBA 
transgenic mice to study binding to and possibly dissolving of P-amyloid- 
plaques on their pancreases in vivo. 19 transgenic mice (NORBA, Hoechst 

15 Marion Roussel, Bridge water, NJ) of different ages, constitutively presrat P- 
amyloidplaques on dieir pancreas, were immunized. Before sacrificing, the 
immunized NORBA mice received a seventh immunization. Blood was 
collected and assayed for anti-P-amyloid antibodies in an ELISA assay. In 
1:5,000 dilutions of the sera the OD405 was 10 fold higher than in controls. 

20 The control NORBA mice did not show any anti-A^ antibodies in their sera. 
The 3rd group of immunized C57B1/6 mice receivmg Ap 1-16 as well as the 
scrambled A^ 42-1 and as a control, liposomes without a peptide reached a 
tenfold higher titer in a l:10,000-dihition of the sera versus control. See 
Tables land 2. 
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5 Table 1 . ELBA of sera of Immunized Balh/c and C57B 1/6 Mice 



Antigen 


Palm 


Scrainbled 


liposomes, 


Pahn 


Untreated 




B-Amyloid 


B-Amyloid 


lipid A 


B-Amyloid 


flnimal 




(i-i6y 


(42-iy 




(L-16y 


Balh/c 




liposomes, 


liposomes. 




]q>osomes. 






lipid A 


I^dA 




lipid A 






inC57Bl/6 






inBalb/c 




10000* 


0.16 


0.06 


0.011 






5000 


0.22 


0.01 


0.012 


022 


0.01 


2500 


0.46 
0.61 


0.024 


0.060 


030 


0.04 


1000 


0.011 


0.041 


031 


0.03 


SCO 


0.99 


0.044 


0.039 


0.46 


0.04 


100 








0.60 


0.03 



OD4QS DDution: 1-* Secondary antibody: alkaline phosphatase conjugated 
goat anti mouse antibody. Substrate (PNPP)- p-nitrophenyl phosphate. Assay 
10 was performed after the 3. (C57BV6) and after the 4. 

(Balb/c) booster injection. For each antigen/adpxvants 3 animals were 
injected. 
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5 Table 2: Immune response in mice inoculated wifli palinitoylated S-amyloid 
(1-16), scrambled 6-amyloid (42-1) in combination v/i&k liposomes/lipid A 
and Alum and liposomes without an^loid. 



AntigCT 


palm.-Ap 1- 16 


A{,42.1 


Phospholipids 


number of C57B1/6 mice with 
apos. titer in 1:10000 
dilution of sera 


2/3 

after 5 Injections 


0/3 


0/3 


number of Balb/c mice witii a 
positive titer in 1 :5000 
dilution of sera 


3/3 

after 4 injections 




0/3 


number of transgenic 
NORBA mice with a pos. 
titCT in 1:5000 dihition of sera 


7/9 

(Aventis) 

after 7 injections 







♦OD 405 was tenfold of the control (only phospholipids) 



10 

Example 16: Pathology investigation of the immunized C57B1/6 mice 

The immunized C576I/6 mice underwent a pathological investigation 
15 after the immunization procedure was finished Sections of kidney, liver, 
heart, bone mairow, pancreas, spleen and brain were analyzed 

Example 17: Immunohistochemical investigatioD of the pancreas of 
vaccinated NORBA mice. 

20 

23 NORBA mice of different ages containing P-amyloid-positive and 
P-amyloid-negative animals were immunized with palmitoylated A^ (1-16) 
reconstituted in liposomes^ as described (19 mice) or with liposomes only (4 
mice). These animals have the P-amyloid plaques on the pancreas instead of 
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5 brain. The vaccinated mice were sacrificed after tiie 7* injection and their 
pancreases were collected and preserved in foimaiiiL The preserved panaeas 
pieces were soaked in sucrose solution to prepare them for frozen sections. 
The thin sections obtained were analyzed by ntioflavin T, a fluorescence dye 
specific for B-amj4oid aggregates staining (Vassar and Culling. 1959), to 

10 detect B-am34oid on the surface of the pancreas. The sections were analyzed 
also using a FTTC-labeled anti-^amyloid antibody (Accurate Chemical Co., 
Westbury. CI). The binding of the mouse "autoantibodies" to the P-amyloid 
plaques was assayed with a rabbit- antimouse IgG, FITC- labeled, 

A histological study of Thioflavin T stained sections of pancreases 

15 from NORBA transgenic mice, vaccinated wift pahnitoylated Ap (1-16) 
reconstituted in liposomes was performed. Hie stained pancreatic tissue of a 
B-amyloid negative animal showed a difiuse, weak, background fluorescence 
with some bright spots which represented vessels. The acinar cells were 
completely dark. An 18-month old-animal with fully developed B-amyloid 

20 plaques showed intense fluorescence throughout the acinar cell fields. Tliere 
was also very bright fhiorescent areas suggesting larger blood vessels. A 18- 
month old mouse with fiilly developed B-amyloid plaques, which was 
vaccinated and examined 4 months after first inoculation, showed focal 
(patchy) areas of fluorescence among acinar cells, but predominantly many 

25 patches of non-fluorescent acinar cells. The results showed tiiat the 
vaccmation either disintegrated ^-amyloid plaques or revo^ tiieir 
deposition. 

Quantitative evahiation of the average fluorescence intensity in each 
section stained with Thioflavin using a luminosity analysis software, indicated 
30 tbat the pancreas sections from 19 months old NORBA vaccinated animals 
showed less than 25% of the higjh intensity fluorescence of the same animals, 
unvaccinated. A san^ling of diese quantitations is shown in Table 3. 
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5 Table 3: Percentage of fluorescence intensities in Hiioflavin-stained pancreas 
sections of NORBA mice, vaccinated and unvaccinated. 



Animal 


High intoisity 
% 


Medium Intensity 
% 


Low intensity 
% 


Control AS* mouse 


0 


11.65 -ly-l .6 


88.5+/- 9.1 


AB^lS-monthoId 
unvaccinated mouse 


3271-+/. 0.3 


34.62 +/- 3.5 


62.11+7-6.1 


AS^ IS-monfh old, 
vaccinated mouse 


0.74+/- 0.07 


34.63+/- 3.5 


64.63+/. 6.4 



Each value is the average of 5 countings. It a]q}ears that vaccination 

10 reduces dramatically (by more than 70%) the high intensity fluorescence in 
the Thioflavine-stained pancreas sections of the NORBA transgenic mice with 
fiilly developed B-amyloid plaques. The medium and low intensity 
fluorescence, which is unspecific since it is detected also m the negative 
controls, remains unchanged upon vaccination. There is no high intensity 

15 fluorescence, in the negative controls. 

In vitro experiments were conducted to investigate the mechanism by 
which the "autoantibodies" disintegrate the plaques. P-amyloid aggregates 
using the sequence AP (1-28) were made by incubating for 7 days at 37* C m 
phosphate buffered saline (PBS) at pH=7.1. This is flie sequence used for the 

20 immunization of the mice. These deposits were detectable by staining with 
Ihioflavin T ('Th T"). Th T stains anqrloid-like dq)osits and exhibits 
enhanced fluorescence emission at 482 nm and a new excitation peak at 450 
nm when added to a suspension of aggregated p-sheet preparations (Solomon 
et al.(1997) PNAS 94, 4109- 4112). Figure 7 shows conq)aratively the 

25 disaggregation of p amyloid fibers by the 6C6 mAB and by sera from mice 
immunized with pahnitoylated Ap (1-16) reconstituted in liposomes. 
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5 It appears that both antibodies have solubilizing properties, but the 

monoclonal antibodies has a significanlly stronger effect than the serum from 
tiie immunized mice, which contain polyclonal antljodies. 

Any patents or other publications mentioned in this specification are 
indicative of flie levels of those skilled in flie art to which the invention 

10 pwtains. One skilled in the art will readily appreciate that the present 
invsition is well adapted to cany out the objects and obtain Ihe ends and 
advantages mentioned and inherent within. The present exarq)les along with 
the methods, procedures, treattnents, compositions, and specific compounds 
described herein are presently representative of prefrared embodiments, and 

15 are not intended as limitations on the scope of the invention. Those skilled in 
the art will know or will be able to ascertain many equivalents to fte specific 
embodiments of the invention described in tiie examples above using only 
routine experimentation. Changes therein and other uses will occur to those 
skilled in the ait which are encompassed within the spirit of fte invention as 

20 defined by the scope of the claims. 
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CLAIMS 



What is claimed is: 



1 . A molecular construct comprising, an egression vector encoding a 
1 0 fusion protein comprising at least one segment comprising a binding region 
\^ch binds to an epitope or fragment, and at least one more segments 
con^>rising portionS) fragments or whole proteins that are capable of crossing 
the blood brain barrier. 

15 2. Hie composition of Claim 1, herein the at least one or more segments 
capable of crossing the blood-brain barrier is transferrin. 

3. The composition of Claim 1, wherein the at least one or more segments 
comprising a binding region is an antibody or antibody fragment. 

20 

4. The conq>osition of Qaim 1, wherein the at least one or more segments 
conoprising a binding region is an antibody or antibody fragment and the at 
least one or more segments capable of crossing the blood-brain barrier is 
transferrin. 

25 

5. A con^osition compmiag, a fusion protein con^rising at least one 
segment comprising a bmding region which binds to an epitope or fragment, 
and at least one or more segments comprising portions, fragments or whole 
proteins that are capable of crossing the blood brain barrier. 

30 

6. The composition of Claim 5, wherem the at least one or more segments 
capable of crossing the blood-brain barrier is transferrin. 
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5 7, The composition of CSaim 5, wberein the at least one or more segments 
coir5)iising a bmding legion is an antibody or antibody fragment 

8. The composition of Qaim 5, wherein the at least one or more segments 
conqsrising a binding region is an antibody or antibody fragment and the at 

10 least one or more segments capable of crossing die blood-bram banier is 
transferrin, 

9. The composition of Claim 5, wherein the fusion protein is capable of 
altering amyloid deposition in a human or animal. 

15 

1 0. A composition comprising at least one modified peptide, fragment or 
protein anchored in a liposomal bilayers. 

11.. The con^)Osition of Qaim 10, wherein flie at least one modified 
20 peptide, fragment or protein is an amyloid peptide, fragment or protein. 

12. The con^osition of Qaim 10, wherein die liposomal bilayer is a 
liposome. 

25 13. A method oftreating amyloid-associated diseases comprising, 
administering a phamoaceutically effective amouQt of the composition of 
Qaim 5, 
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5 14. Tb& method of Qaim 12, wherem the amyloid-associated disease 
con^rises AIzheimer*8 disease, Type 2 diabetes melUtus, amyloid A 
(reactive), secbndaxy amyloidosis, familial meditetranean fever, familial 
amyloid nqsthropathy with urttcaiia and dea&ess (Muckle-weUs Syndrome), 
amyloid lambda L-chain or amyloid kappa L^hain (idiopathic, myeloma or 

10 macroglobulinemia-associated) A beta 2M (chronic hemodialysis), ATTR 
(familial amyloid polyneuropathy (Portuguese, Japanese, Swedish), familial 
amyloid caidiomyopathy (Danish), isolated cardiac amyloid, (systemic senile 
amyloidosises), AIAPP or amylin insulinoma, atrial naturetic factor (isolated 
atrial amyloid), procalcitonin (medullary carcinoma of the thyroid), gelsolin 

15 (familial amyloidosis (Finnish)), cystatin C (hereditary cerebral hemonhage 
witii amyloidosis (Icelandic)), AApo-A-I (familial amyloidotic 
polyneuropathy - Iowa), AApo-A-Il (accelerated senescence in mice), 
fibrinogen-associated amyloid; and Asor or Pr P-27 (scrapie, Creutzfeld Jacob . 
disease, Gertsmatm-Straussler-Scheinker syndrome, bovine spongiform 

20 encephalitis) and persons who are homozygous for the apolipoprotein E4 
allele. 

15. A method of treating amyloid-associated diseases comprising, 
administering a phannaceutically effective amount of the composition of 

25 Claim 10. 

16. The method of Gaim 14, wherein the at least one modified peptide, 
fragment or protein is pahnitoylated p-amyloidi,i6 peptide. 

30 17. The method of Claim 15, wherem the at least one modified peptide, 
fragment or protein is adminstered in a liposomal bilayer. 
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5 18. The method of Qaim 14, wherein (he amyloid-associated diseases 
comprises Alzheimer's disease, Type 2 diabetes meOitus, amyloid A 
(reactive), secondary am^oidosis, femilial mediterranean fevw, familial 
amyloid nq)hropathy with urticaria and dea&ess (MucBe-wells Syndrome), 
amyloid lambda L-chain or amyloid kappa L-chain (idiopathic, myeloma or 

10 macroglobulinemia-associated) A b^ 2M (chronic hemodialysis), ATTR 
(familial amyloid polyneuropathy (Portuguese, Japanese, Swedish), familial 
amyloid cardiomyopathy (Danish), isolated cardiac amyloid, (systemic senile 
amyloidosises), AIAPF or amylin insulinoma, atrial naturetic factor (isolated 
atrial amyloid), procalcitonm (medullary carcinoma of flie thyroid), gelsolin 

15 (familial amyloidosis (Finnish)), cystatin C (hereditary-cerebral hemorrhage 
with amyloidosis (Icelandic)), AApo-A-I (familial amyloidotic 
polyneuropathy - Iowa), AApo-A-II (accelerated senescence in mice), 
fibrinogen-associated amyloid; and Asor or Pr P-27 (scrapie, Creutzfeld Jacob 
disease, Gcrtsmann-Straussler-Scheinker syndrome, bovine spongiform 

20 encephalitis) and persons who are homoTygous for the apol^joprotein E4 
allele. 
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1 10 20 30 40 
DVLMTQTIlJLPVSLGDQASISC«SSQNIIHSNGimiJ^^ 
► 

► ► 



50 60 70 80 90 

KLUYKVSNRFSGWDRFSGSGSGTDFTLKIKKVEA^ 

► 

ik > ► 



100 109 

VPLTFGAGT K ► Lys-C Cleavage in Gel 

^ ^ Trypsin Cleavage in Gel 

► Asp-N Cleavage in Gel 



-> N-tenninal.Sequenceing 



nai 
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(a) 



Bql II T7 promoter Xba I 

rba 

AGATCTGATCCCGCGAAATTAATACGACrrCACTATAGGGGAATreTGM 
AAT 

TTlXnTrACTTrAAGAAGaAGR 

Ncol Nhel BamHI EcoRI Sad Sail Hindlll 

Notl 
Xhol 



TATAC CATGGCTAGCATGACTGGTGGACAGCAAATGQGT CGGATCC^ 
C 

GCACTCGA GCACCACCaCCACCACCACCACT GA 
T7 - Tag 

His - Tag 

(b) 



FIG. 2 
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PETVL112 =r pET36 + VL 



FIG. 3 
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no. 4 
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2CH3(CH2)i4COCL + H2N-{CH2)4-CH.COOH 



-CH-COOH n 

NH2 T 



NaOH 



CH3(CH2)i4CONH-(CH2)4-CH.COOH 



CH3(CH2)i4CONH 



PaljLys-OH 



a. 



CH3(CH2)i4COOH + HO N 



I 



DHH 



77% 



CH3(CH2)i4CXX)— N 



0 



23% 



Lysine 
NaHCOj 



PaljLys-OH 



b. 



Fmoc-LYS{Pal>OH +HO-CH2- 



DCC 



Fmoc-LYS(Pal)-(R) 



FIG. 6 
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B undiluted serum 
■ 6C6 



no. 9 
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SEQUENCE LISTING 

<110> Aventlg Pharnta S.A. 

<120> Methods and Compositions for Diseases Associated vdth Amyloidosis 

<130> 14723-0112WP 49055-263528 

<150> OS 60/255,033 

<151> 2000-12-12 

<150> US 60/230,391 

<151> 2000-09-06 

<160> 3 

<170> Patentin version 3.1 

<210> 1 

<211> 333 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 6C6 monoclonal antibody 
<220> 

<221> CDS 
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<222> (1),.(333) 
<223> 



<400> 1 

atg gat gtg etc atg acc cag acg ccg etc age ctg ccg gtg age ctg 

Met Asp Val Leu Met Thr Gin Thr Pro Leu Ser Leu Pro Val Ser Leu 

1 5 10 15 

ggc gat cag gcg agt att tct tgc cgt tec age cag aac att ate eat 

Gly Asp Gin Ala Ser He Ser Cys Arg Ser Ser Gin Asn He He His 
20 25 30 



48 



96 



age aac ggc aat acc tat ctg gaa tgg tac ctg cag aaa ccc ggc cag 144 
Ser Asn Gly Asn Thr Tyr Leu Glu Txp Tyr Leu Gin Lys Pro Gly Gin 
35 40 45 

age ccg aaa ctg ctg att tat aaa gtg age aac ege ttt age ggt gtg 192 
Ser Pro Lys Leu Leu He Tyr Lys Val Ser Asn Arg Phe Ser Gly Val 
50 55 60 

ccg gat egt ttt age ggc agt ggt age ggc acc gat ttt acc ctg aaa 240 
Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys 
^5 70 75 90 

att aaa aag gtg gaa gcg gaa gat ctg ggc att tat tat tgc ttt caa 288 
He Lys Lys Val Glu Ala Glu Asp Leu Gly He Tyr Tyr Cys Phe Gin 
85 90 95 

ggt age cat gtg ccg ctg acc ttt ggc gcg ggc acc aaa etc gag 333 
Gly Ser His Val Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu 
100 105 

<210> 2 
<211> 111 
<212> PRT 

<213> Murinae gen. sp. 



<400> 2 

Met Asp Val Leu Met Thr Gin Thr Pro Leu Ser Leu Pro Val Ser Leu 
^5 10 15 



Gly Asp Gin Ala Ser He Ser Cys Arg Ser Ser Gin Asn He He His 
20 25 30 
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Ser Asn Gly Asn Thr Tyr Leu Glu Trp Tyr Leu Gin Lys Pro Gly Gin 
35 40 45 

Ser Pro Lys Leu Leu lie Tyr lys Val Ser Asn Arg Phe Ser Gly Val 
50 55 60 

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys 
65 70 75 80 

lie Lys Lys Val Glu Ala Glu Asp Leu Gly lie Tyr Tyr Cys Phe Gin 
85 90 95 

Gly Ser His Val Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu 
100 105 110 

<210> 3 
<211> 209 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic plaanid 
<400> 3 

agatctgatc ccgcgaaatt aatacgactc actatagggg aattgtgagc ggataacaat 60 
tcccctctag aaataatttt gtttacttta agaaggagat ataccatggc tagcatgact 120 
ggtggacagc aaatgggtcg gatccgaatt cgagctccgt cgacaagctt gcggcxgcac 180 
tcgagcacca ccaccaccac caccactga 209 
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